Abstract. The first phase of the Brazilian Graviton Project is the construction and operation of the gravitational wave detector Mario Schenberg at the Physics Institute of the University of São Paulo. This gravitational wave spherical antenna is planned to feature a sensitivity better than h = 10 -21 Hz -1/2 at the 3.0-3.4 kHz bandwidth, and to work not only as a detector, but also as a testbed for the development of new technologies. Here we present the status of this detector.
The Project 1
The antenna will weight about 1150kg, 2 which is only a factor of 2 less massive than existent antennas. By cooling it to much lower temperatures (15-20 mK), however, and by making it spherical (omnidirectional), we expect a considerable improvement in sensitivity. 3 The project will be divided in two phases: GRANTED phase and detector phase
In the Gravitational Radiation ANtenna TEchonology Demonstration phase (GRANTED), we will test the following aspects:
1) the feasibility to construct a heavy (~1150kg) copper-aluminum (94%-6%) spherical mass, which presents a high (Q m > 10 2) the feasibility to quickly (less than a week) cool such a mass down to 20mK; 3) the feasibility to extract and analyze data from a transducer attached to the spherical surface; 4) the feasibility to protect such a spherical mass from laboratory and environment vibrations by the use of designed vibration isolation systems for: -the mass suspension, -the dilution refrigerator, -the transducer wiring.
DETECTOR phase
After completing the technology demonstration phase (GRANTED), we intend to construct and place a set of high sensitivity transducers attached to the surface of the sphere, transforming the above prototype into an effective gravitational wave detector, the Mario SCHENBERG detector, in the 3.0-3.4 kHz frequency bandwidth.
The Scientific Goals of the Present Detector
A 65cm-diameter Cu-Al (94%-6%) antenna will be covering the 3.0-3.4 kHz bandwidth, which has astrophysical importance. It would be operating in coincidence with the Dutch Mini-GRAIL and the Italian SFERA antennas, and some large laser interferometer detectors, which can also cover such high frequencies with similar sensitivities. 6 The astrophysical events that we anticipate as probable candidates for detection in the 3.0-3.4 kHz region, where the SCHENBERG detector will be sensitive, are:
7 -core colapse in supernova events; -neutron stars going to hydrodynamical instability; -quakes and oscillations of neutron stars (f modes) induced by the falling of matter in binary systems; -excitation of the first quadrupole normal mode of ~3.8 solar-mass black holes; -coalescence of ~1.9 solar-mass neutron stars and/or black holes.
We also can speculate some "exotic" sources such as: -rotation of bosonic or strange matter stars at ~1.6kHz; -inspiralling of mini-black hole binaries.
The Schenberg group
The group is divided in six major subjects: The Brazilian group is developing this project in collaboration with the Dutch group and all four major groups operating cryogenic resonant mass antennas (ALLEGRO, NAUTILUS & EXPLORER, AURIGA and NIOBÈ). It also receives collaboration from researchers and professors working at some other Brazilian institutions and universities and at some laser interferometer projects (LIGO, VIRGO, and LISA).
The Status of the Detector

Site preparation
The site preparation at the University of São Paulo is under the coordination of N. Oliveira Jr., and is almost completed. A pit has been constructed in one of his laboratory rooms, where the detector will be located. There is one hydraulic piston inside a concrete column at each of the four corners of this pit. These pistons form a hydraulic system that can lift up to 2 meters a reinforced 4-ton concrete base, on which the detector will be assembled. A crane has been installed on the top of a sliding structure connected to the upper part of the room walls. This crane together with the hydraulic system will provide some flexibility for the detector assembly.
Cryogenic chambers
The cryogenic chambers have been designed by G. Frossati and collaborators. They will be shipped from KADEL (USA) in October of 2001, and will be assembled on the concrete base as soon as they arrive at the University of São Paulo.
Frossati has also designed the dilution refrigerator that is going to be used in the detector.
Vibration isolation system
The vibration isolation system that will be used in the Mario Schenberg detector is the product of a technology developed by various gravitational wave detector groups in a few decades of experience. The designed one uses C springs that were proposed by Italians collaborators. Melo and Velloso have done some detailed calculations using this design and a finite element software (NASTRAN). They were able to design a vibration isolation system free from resonances close to the 3.0-3.4kHz frequency band. This system, that will be inside the cryogenic chambers, together with a room temperature vibration isolation system very similar to the one used by the ALLEGRO detector, will be able to attenuate more than 360 dB the vibrations coming though the antenna suspension system. This system will be cast at ITALBRONZE (Brazil), and will be delivered by the end of 2001.
Sphere
A first spherical antenna has been cast by ITALBRONZE (Brazil) at the beginning of 2001. It was sent to the Dutch group for testing.
The Schenberg antenna will be cast at ITALBRONZE by the end of 2001.
Transducers
We plan to use a set of seven two-mechanical-mode parametric transducers pumped at about 10GHz for monitoring the first monopole (one transducer) and first five quadrupole (six transducers) modes of the spherical antenna. This will be done in collaboration with the Australian group and with other groups in Brazil.
Schedule
The first cryogenic run is schedule to the beginning of 2002 and the first transducer test to about six months later. Finally, we plan to put the detector in a commissioning phase sometime in 2003.
